Introduction
Genetic variation between and within populations is considered as a result of the environmental heterogeneity and the action of natural selection [1] . Information on genetic diversity available within and among natural populations of annual Medicago species is poorly documented [2] .
Medicago ciliaris L. is a diploid species (2n = 16) belonging to the Section of Spirocarpos subsection of Intertextae as delimited by Heyn, [3] . It is predominantly selfing annual plant of the Mediterranean region, [4] ; [5] . Although this subsection is well demarcated from all other subsection of genus Medicago, species relationships within it have been controversial, [6] . The fruit of genus Medicago, recognized as a pod, is the most characteristic part of the plant. It is also the organ of propagation of the species, [3] ; [7] . Almost half of species of this genus can be identified based only on their morphologic pod appearance [8] . Difficulties in the identification and the classification of this genus are primarily due to the considerable variation in vegetative and pod characters, and to the occurrence of intermediate forms [9] . This paper is the first dealing with phenotypic and genetic pod diversity of local populations of Medicago ciliaris L. in Tunisia. It aimed to (a) explore significant variation in pod morphological traits and (b) estimate genetic variation based on pod traits.
II. Materials and methods
Fourteen local populations of Medicago ciliaris L. conserved at the National Genes Bank of Tunisia were used in this study. These populations were collected from different regions in northern and central Tunisia (Fig 1) . The main characteristics of their origin sites are presented in Table 1 .
Data were recorded for qualitative and quantitative traits using the international norms of IBPGR [10] , UPOV, [11] and criteria of Fawzy [12] concerning the genus Medicago (Table 2) . These parameters were measured on each pod individually on a sample of 25 pods taken randomly from each population. Phenotypic frequency distributions of the characters were calculated for all populations. For quantitative data, analysis of variance with one factor of classification (population) was performed using the SAS Software [13] .
For genetic diversity analysis, frequencies data for each quantitative and qualitative trait and population were used to calculate the following statistics according to Nei, [14] ; [15: gene diversity for each phenotypic marker (H); mean number of alleles per locus; effective number of phenotypic markers per locus; percent of polymorphic loci; total gene diversity (H T ) and genetic differentiation (G ST ). Statistical analysis was conducted using POPGENE 1.32 software [16] . 
III. Results and discussion

3.1, Analysis of variance
Analysis of variance applied on quantitative traits showed a high significant effect of population (P< 0.0001) for all characters except seeds number (P>0.05). Pod diameter and pod weight were the most significant variables (P<0.0001). This result is partially in agreement with that reported by Heyn, [3] . This author mentioned that the distinction between varieties of section Intertextea of genus Medicago was based mainly on pod morphology. However, according to Fawzy [12] , the occurrence of intermediate forms and the considerable variation in pod characters make difficult the identification and classification of the genus Medicago. Variability in pod characters like height, width and number of coils was large among Sicilian populations of Medicago truncatula [17] .
Significant correlations were observed between pod weight and pod height (r= 0.67, P<0.0001), pod diameter and seed weight (r= 0.72, P<0.0001) and between pod and seed weight (r = 0.771, P<0.05). This result is on line with that of Graziano, [17] who reported that pod size was directly related to seed weight, and genotypes with small seeds produced more seeds per unit area. It may be an advantage to have more small seedlings than fewer large seedlings in environments where the risk of seedling death is high [18] ; [19] .
3.2, Phenotypic diversity analyses
Average gene diversity (H), mean number of polymorphic loci and percent of polymorphic loci for all populations were respectively, 0.23, 20.28 and 82.92 (Table 3) . Genetic diversity varied from 0.17 for population 9142 (from Dougga) to 0.28 for population 9147 (from Ghar El Melh). The lowest genetic diversity observed within the population 1942 from Dougga could be explained by the fact that it was collected in a protected area (Roman ruins) and this suggested that this population was isolated for a long period of time. While the highest value observed in population 9147 (from Ghar El Melh) could be related to its environmental conditions (salty area near sea of Ghar El Melh).
Gene diversity was positively and significantly correlated with number and percent of polymorphic loci (r= 0.872; P<0.0001 for each). The mean number of alleles per locus was positively and significantly correlated with percent of polymorphic loci (r = 0.892; P<0.0001). 
3.3, Total genetic variation and genetic differentiation
Mean genetic diversity (H T ) for nine quantitative and qualitative traits across all populations averaged 0.300 and ranged from 0.438 for pod shape to 0.204 for angle of insertion of spines (Table 4 ). The extent of differentiation between populations for these traits is reflected by the correspondent G ST value (0.21). This implies that on average 79% of the total variation is partitioned within populations (with a minimum of 52.1% for the angle of insertion of spines and a maximum of 97.5% for the seed number).
The genetic differentiation among populations of M. ciliaris (G ST = 0.213) found to be high for all traits and particularly for qualitative ones (0.324) ( Table 4 ). This result is not conform with that reported by Badri [2] , who founded low differentiation at quantitative traits in four M. ciliaris populations. According to these authors, this may be explained by the restricted geographical distribution of M. ciliaris in Tunisia. While, high level of quantitative and molecular genetics differentiation was found among natural populations of M. truncatula growing spontaneously in the same areas as those of M. ciliaris [20] . According these authors, M. truncatula is a widespread species in Tunisia while M. ciliaris is limited to the north of the country. Accordingly, geographical range has been shown to be a good predictor of the levels of genetic variation in plants [21] .
Al-Nashash, [22] , considers that qualitative variation is less limited by natural selection than quantitative one which is highly affected by selection and environment and affects survival and production. Although Medicago. ciliaris is a self fertilizing species, a high genetic differentiation was found within populations (0.79%) and ranged from a minimum of 52.1% for angle of insertion of the spines and a maximum of 97.5% for seed number. This result is not conform with that of Charlesworth, [23] , who reported that selffertilizing species tend to have lower within-population and higher among-population genetic variation than outcrossing ones.
For species distribution and survival, Lesins [4] , consider the spines as a mean of anchoring the pods on the spot, rather than a mean of transportation by furred animals. Pod shape displayed a high level of genetic diversity (H T = 0.349) across all populations (Table 4) . Same result was found in Algerian populations of Medicago ciliaris, [24] , and in twenty local cultivars of soybean [25] . This later reported that pod shape can be used as a qualitative marker to identify and classify varieties. 
3.4, Cluster Analysis
Cluster analysis based on Nei's genetic distance was found to separate the populations into four clusters at a mean distance of 0.23 (data not shown): cluster 4 included population 9142 (the most distant one), cluster 3 included population 9151, cluster 2 linked population 9144 to 9145 and cluster 1 included the rest of populations. It can be divided into two sub clusters: sub cluster 1 with three populations (9141, 9146 and 9148) and sub cluster 2 with seven populations (9153, 9150, 9140, 9149, 9147, 9143 and 9152) (Fig 2) .
According to the amount of variation on pod morphology, population from Dougga (9142) was clearly separated from the rest of populations. It was distinguishable by the smallest pod size and the shortest spines which are inserted at angle of 90°. In other study, variation in karyotype for chromosome length and centromere position was found between populations of Medicago ciliaris L., [26] . It seemed that population from Dougga is the primitive one because of is medium karyotype as revealed by Shlarbum, [27] , and could be could be considered as an ecotype. According to Badri [2] , pods separated by short distances are more likely to be genetically related than those that are farther apart. Nevertheless, the clustering of populations based on Nei genetic distance revealed that some populations geographically distant are genetically similar (case of 9143 and 9152) while some others growing very closely (case of 9152 and 9153) were found to be genetically different. 
IV. Conclusion
The present study demonstrated the usefulness of pod characters to evaluate the genetic diversity of local M. ciliaris L. populations. Nevertheless, further molecular characterization associated with ecological data of this species could be very promising.
